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ABSTRACT 
Globalisation, industrialisation and urbanisation processes have given rise to improved 
standards of living in most cities of the World. In turn, this has resulted in high volumes of 
municipal solid waste being generated in the ever-growing urban centres, thus creating new 
pressures in the form of waste management. In response, municipalities have developed 
innovative ways of managing municipal solid waste and among them is the capturing, flaring 
and conversion of landfill gas to electricity. In order to further knowledge on the role of landfill 
gas capturing and flaring technologies in creating cleaner urban environments, this paper 
investigated the operations within the Johannesburg city regions, focusing on Marie Louis and 
Robinson Deep landfill sites. In particular, the paper aims to highlight the impact of the 
innovations not only in managing municipal solid waste in cities but also in achieving 
sustainable urban centres. A case study research design and a qualitative research approach 
were adopted to gather data from key informants through the application of interviews and 
observations and photographic surveys of landfill sites and solid waste management 
approaches within the City of Johannesburg. The study revealed that there have been 
reasonable innovations in the collection, transportation, disposal and treatment of municipal 
solid waste at the landfill sites, thus improving the sustainability status of the city. Although 
the innovations still face some challenges, if concerted efforts are exerted in adopting and 
applying the novel ways of managing municipal solid waste, cities will be safer and sustainable 
in the near future. 
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 INTRODUCTION  
Solid waste management, land shortage, global warming and the energy crisis have become 
the most pressing issues facing civilisation today (Muzenda & Belaid et al., 2011). Solid waste 
management is one of the most important municipal services and serves as a prerequisite for 
other municipal action (Hoornweg & Bhada-Tata, 2013). It is usually one service that falls 
completely within the local government’s purview (Hoornweg & Bhada-Tata, 2013). Over the 
years this has led to poor management of solid waste such as poor solid waste storage, poor 
solid waste collection and poor solid waste disposal which has had a large impact on health, 
the local and global environment and the economy. Johannesburg’s population growth has led 
to less space being available to hide solid waste thus leading to illegal dumping sites. As the 
population grows, land becomes a scares resource, landfill sites fill up quicker and the energy 
demand far outweighs the energy supply (de Ligneris, 2013). 
South Africa, particularly in Johannesburg and EThekwini have developed innovative ways in 
dealing with solid waste management (Gumbo, 2013). However, there are no explicit studies 
that inform the impact of these innovations. Since there is a lack of scholarly literature on the 
impact of such innovations, this paper evaluates innovative ways in which municipal solid 
waste can be managed in the Johannesburg city region in order to tackle the issue of land 
scarcity for new landfill sites. Waste to energy facilities will contribute significantly to reaching 
the goals of waste management, sustainable development and environmental protection by 
means of mitigating greenhouse gas emissions and resource conservation (Brunner & 
Rechberger, 2014).  
This paper aims to evaluate innovative ways in which municipal solid waste (MSW) is being 
managed in the Johannesburg city region and how this will lead to sustainable cities and 
pollution reduction. The aim is achieved through the following specific objectives; to identify 
the various sources of municipal solid waste; to evaluate the approaches used in MSW 
collection, transportation and disposal; to identify the various innovations used to treat 
municipal solid waste; to highlight the possible benefits of innovations in MSWM and to 
highlight the challenges being faced in adopting innovations. 
The impact of innovations in municipal solid waste management where MSW has been used 
to generate electricity will be discussed in this paper. Case studies of the current MSW 
management processes in Johannesburg’s region F and D are examined. An intense 
investigation of sources of solid waste, solid waste management processes, the technologies or 
resources that are needed, the benefits and challenges being faced in the management of solid 
waste is discussed and investigated in this paper and the issue of land for more landfill sites 
running out in both regions is highlighted.  
BACKGROUND 
Currently world cities generate about 1.3 billion tonnes of solid waste per year thus 
demonstrating that the global impacts of solid waste are growing even faster than the rate of 
urbanization (Hoornweg & Bhada-Tata, 2013). The rates of municipal solid waste are fastest 
in China, parts of Asia, parts of Eastern Europe and The Middle East (Hoornweg & Bhada-
Tata, 2013). Continents such as Asia, Latin America and Africa account for nearly 40% of the 
annual methane emission from a landfill, which is equal to the amount of air emissions from 
more than 102 million cars (Basura et al., 2002).  
Improper management of solid waste has resulted in the emission of atmospheric gases called 
greenhouse gases that affect the earth’s climate (Basura et al., 2002). In urban centres 
throughout Africa, less than half of the solid waste generated is collected, 95% of it is neither 
contained nor recycled (Simelane & Mohee, 2012). It is thrown away at dumping sites on the 
periphery of urban centres or at temporary sites; polluting not only the air but also nearby water 
sources and serving as breeding grounds for diseases (Simelane & Mohee; 2012). 
As a result, South Africa has noted the impact of waste as a big challenge to the twenty first 
century (Simelane & Mohee, 2012). According to the 1999 state of environment report; South 
Africa generates over 42 million m³ of solid waste every year (State of Environment Report, 
1999). In 2010 Gauteng constituted 42% of South Africa’s waste making it by far the country’s 
biggest waste generator (Muzend et al., 2011). In 2013 the total waste volume generated in 
Gauteng was 3.02 million tons (de Ligneris, 2013); with the city of Johannesburg generating a 
total of 1 492 000 tonnes of general waste per annum (Gauteng Department of Agriculture, 
Conservation and Environment, 2008).  
The City of Johannesburg’s rapid population growth caused by rural to urban migration, natural 
increase, high rates of urbanization and industrialization has led to land shortage for new 
landfill sites and an increase in municipal solid waste generated which has resulted in 
astronomical rises in energy consumption which is derived mainly from fossil fuels that 
contribute to climate change (de Ligneris, 2013). Many countries have however, embraced 
innovative ways of generating electricity. 
An example that has embraced innovative technologies to convert waste into energy is the 
EThekwini municipality located in South Africa’s, Kwa-Zulu Natal province which is a 
developing country (Gumbo, 2014). The gas is converted into electrical energy by the turbines 
and a step up transformer is used to assist in feeding the electricity of the same voltage into the 
municipality’s grid system (Gumbo, 2014). 
On the other hand, China which is a transitional country undergoing rapid urbanization, with a 
population reported to be over 1.3 million in 2005 (Nie, 2008) is faced with the problem of 
MSW disposal (Nie, 2008). Currently, China is faced with a problem of lack of space for new 
landfills which has become a major challenge even for its municipal authorities ;as a result an 
increasing number of cities in China have constructed or are planning to construct incineration 
plants (Dong , 2011) and LFG recovery plants (Willumsen, undated). There are four major 
types of MSW incineration technologies in China namely Stoker, Circulating fluidized bed 
which is based on the co-firing of MSW with coal, rotary kiln and paralysis (Nie, 2008) and 
approximately 3 LFG recovery plants in China (Willumsen, undated). 
In Canada, methane emissions from municipal solid waste landfills have increased by 24 % 
between 1990 and 2005, while there has been a simultaneous increase in LFG capture and 
combustion over the same time (Profile and Strategic Plan for Canada, 2009). In 2005 there 
were 47 active landfills involved in capturing landfill gas in Canada. A total of 306 Kilo tonnes 
of landfill methane were captured and combusted in 2005 of which 52% was utilized and 48% 
was flared (Profile and Strategic Plan for Canada, undated). There were 21 sites that utilized 
the LFG and 26 sites that flared LFG. Although LFG is a convenient and safer alternative for 
waste to energy conversion. The main waste to energy technologies used in Canada is Landfill 
gas capture, incineration, gasification and plasma gasification.  
If there is a positive correlation among population concentrations in urban centres, increased 
demands of energy sources and huge quantities of generated waste, then solid waste can be 
properly managed and creatively harnessed in service of sustainable cities.  
CONCEPTUAL ISSUES IN INNOVATION IN MUNICIPAL SOLID WASTE 
MANAGEMENT 
Urbanisation and industrialization go hand in hand with the generation of solid waste in urban 
centres. In developed countries, these processes took place simultaneously beginning in the 
18th century while transitional and developing countries have greatly been experiencing high 
urbanisation rates since the 20th century leading to increased energy consumption and increased 
waste generation (Gumbo, 2013). 
Increased consumption on fossil fuels has led to changes of the atmospheric processes resulting 
in global warming. Solid waste management is complex, multifaceted and involves different 
stakeholders at various stages and processes from generation, collection, disposal and treatment 
of an assortment of waste types in urban areas (Gumbo, 2013). It is important than to adopt and 
apply the collaborative planning theoretical framework in order to understand the various 
components involved in the conversion of MSW to energy (Gumbo, 2013 ; Tchnobannoglous 
& Kreith, 1993). 
The collaborative planning framework is built on a process of bringing all relevant participants 
together to work towards shared goals and innovative approaches when faced with colossal and 
challenging issues (Healey, 2003). It is a framework that combines each respective 
stakeholder’s information, expertise, responsibility and asset ownership with the goal to 
optimize a given objective (Han et al., 2014). Inter-departmental coordination is an important 
factor for the success of a project therefore, possibilities for the optimization of the planning 
for other individual is created (Windischer et al., 2009). 
Each agent has a subset of tasks for which it is responsible and owns a set of heterogeneous 
assets. Each task is modelled by a vector of resource requirements, a processing time and a 
start time (Han et al., 2014). Collaborative planning framework includes aspects that enable 
the other person to recognize how individual plans should be adapted according to which 
criteria the planning can be optimized and which restrictions in the common planning must be 
accepted (Windischer et al., 2009). So in essence multiple agents need to allocate assets to 
tasks to maximise an expected mission performance that is defined by how well all of the tasks 
requirements are satisfied by the allocated asset capabilities (Han et al., 2014).The framework 
also makes it clear on how to meet the demands of economic competitiveness, environmental 
sustainability and social cohesion (Healey, 1996). 
The collaborative planning framework helps to impart understanding and action in urban 
planning, development and management in this instance of Municipal solid waste in the process 
impacting on social, economic and environmental status of urban centres in the African content 
(Gumbo, 2013). The framework also ensure that there is a common understanding among 
stakeholders for example the private sector may work together with local authorities and the 
residents may participate in identifying landfill sites and in the storage and collection points, 
thus ensuring effective urban service provision and management of municipal solid waste 
(Healey, 1996;Gumbo, 2013). 
It has been estimated that in excess about 95% of waste generated in South Africa is disposed 
of in landfills, while the world figure is at an excess of 25% (Muzenda et al., 2011).These 
landfill sites are usually produced around the periphery of their cities which requires the 
acquisition of large areas as well as well supervised operation to minimize potential negative 
environmental impacts which represents a big threat for life of the population (Rand et al., 
2000). 
Due to the fact that waste currently buried in South African landfills pollutes the soil, the water, 
produces methane and leads to a lack of space for new landfills, solid waste to energy 
innovative technologies have been initiated to play an important role in MSW management 
(Nie, 2008;Muzenda et al., 2011). A shift from coal to natural gas as a major source of fuel for 
domestic use has become imperative (Nie, 2008) in order  to reduce reliance on  fossil fuels 
and counter rapidly diminishing landfill airspace and the environmental burden of landfilling 
waste (Kohler, 2015).The use of waste to energy production will mitigate the negative 
environmental impact of urban waste disposed while providing clean energy resources in the 
form of methane for either direct combustion ( cooking, heating , other uses) or electricity  
which will in turn ensure that scarcity of landfill sites is addressed (Ouedraogo, 2005). 
This has called for more secured, clean energy sources that are critical for economic growth 
and sustainable development (Pilusa & Muzenda, 2014). There are various technologies 
available for energy generation from MSW, which include Landfill gas capture, incineration, 
gasification, generation of biogas and utilization in a combined heat and power plant, 
generation of biogas and conversion of fuel (Pilusa & Muzenda, 2014). Some of these various 
technologies will be discuss in this paper. 
This section serves as the literature review of this paper. It starts off with an overall introduction 
that point to the main concept in the topic. It is followed by a discussion  the theoretical 
framework that will help in understanding the study ;  a brief discussion on the sources of 
municipal solid waste, the municipal solid waste collection processes, the technologies used to 
generate waste to renewable energy, the challenges, the benefits of waste to energy, a 
discussion on landfilling.  
Sources of Municipal Solid Waste 
There are several sources of municipal solid waste they include household waste, industrial 
waste, commercial waste, construction and demolition waste, agricultural waste and municipal 
services waste which are discussed in detail below (Hoornweg & Bhada-Tata, 2013: 7). 
Household waste is generated by single and multi-family dwellings. It includes waste such as 
paper, plastics, metals, wood, ashes, glass, leather, yard wastes, e-waste (computers, phones 
and televisions), cardboards, food waste and household hazard waste (Hoornweg & Bhada-
Tata, 2013: 7). Industrial waste is generated by construction sites, power and chemical plants, 
fabrication, light and heavy manufacturing. It includes waste such as food wastes, hazardous 
wastes, ashes, packaging, housekeeping wastes and construction and demolition waste 
(Hoornweg & Bhada-Tata, 2013: 7) 
Commercial waste is generated by stores, hotels, office buildings, markets and restaurants. In 
lower income countries, food markets contribute a large proportion of the commercial waste 
(Tchobanoglous et al., 1993). Commercial waste includes waste that is the same as industrial 
waste above (Hoornweg & Bhada-Tata, 2013: 7). Construction and demolition waste is 
generated by demolition of building, renovation sites, road repair and new construction sites.it 
includes wood, dirt, bricks, tiles, concrete, and steel waste materials (Hoornweg & Bhada-Tata, 
2013: 7; Rand, Haukohl & Marxen, 2000). 
Agricultural waste is generated by crops, diaries, farms, feed lots, vineyards and orchards. The 
type of solid waste produced from agricultural waste is spoiled food wastes, hazardous waste 
such as pesticides and agricultural wastes such as rice husks, cotton stalks, coconut shells and 
coffee waste (Hoornweg & Bhada-Tata, 2013: 7). Municipal services waste is generated by 
street cleaning, parks, beaches, landscaping, water and waste water treatment plants (Hoornweg 
& Bhada-Tata, 2013: 7). Solid waste produced from municipal services includes landscaping 
and tree trimming, general wastes from parks, beaches and other recreational areas, sludge and 
street sweepings (Rant et al., 2000).  
The fundamental problem that faces the management of all solid wastes is that they are made 
up of complex mixtures that are subjected to indifferent storage conditions resulting in 
deterioration before collection and subsequent treatment (Hammer, 2003). Waste accepted in 
municipal waste landfills in developed countries normally consist of MSW’s, commercial and 
non- hazardous industrial waste. In many low to medium income parts of the world, where 
uncontrolled dumping is common, all waste tends to be dumped together regardless of its 
origins or its hazardous nature (Taylor & Allen, undated); a discussion of how MSW is 
collected follows next. 
Approaches used in MSW Collection, Transportation and Disposal 
Traditionally, MSW has been collected and disposed by municipal authorities as part of the 
community services and sanitation responsibilities (Gumbo, 2013). The different and mixed 
processes of managing MSW range from eco-design of production plants to reduce waste at 
the source, to reusing, recycling and recovery of waste generated, as well as composting, 
incineration and landfilling of collected waste from different sources (Muzenda et al., 2012). 
Disposal of waste at landfill sites can be done directly from the source or from temporary 
community collection points such as skips, bunkers, trailers and open lots (Gumbo, 2013). 
The collection of unseparated (commingled) and separated (recyclables) solid waste is an 
important part of any SWM program. Collection starts with the containers holding materials 
that a generator has designated as no longer useful and it ends with the transportation of SW or 
recyclables to a location for processing, transfer or disposal (Tchnobannoglous & Kreith, 
1993). Solid waste collection involves the provision of a service and the selection of 
appropriate technologies to collect waste (Tchnobannoglous & Kreith, 1993). 
The collection of wastes separated at the source is done using three principle methods which 
are: Firstly, curb side collection using conventional and specially designed collection vehicles; 
secondly, incidental curbs side collection by charitable organizations and thirdly, delivery by 
residents to drop-off and buy back centres (Tchnobannoglous & Kreith, 1993). 
The processes used in collection of MSW from waste generation to landfilling are discussed 
next. Waste generated is collected and separated into different material streams. Once collected 
and separated, waste is either processed, this includes steps as waste sorting, dismantling of 
products and production of refuse derived fuel (RDF) or waste is recycled for example paper 
from waste paper, steel from ferrous metal scraps. Solid waste is then treated through various 
technologies such as thermal treatment, chemical treatment of hazardous wastes, mechanical 
or biological treatment. It is then utilized for example treated bottom ash is used for road 
construction, compost for agricultural applications or thermal utilization of RDF and then 
finally waste is sent to landfilling sites (Sabbas et al., 2001). 
In order for the waste to energy initiative to become a success certain technologies are needed 
to convert solid waste into renewable energy, these technologies are discussed below. 
 Various innovation methods used to treat MSW  
The following MSWM innovations are in use globally; 
 Incineration 
Municipal solid waste is incinerated or disposed of in landfills and gas is extracted from the 
waste, which is then converted to electrical energy (Gumbo, 2014). The greenhouse gasses 
emitted during the energy- generation process from the waste is recycled in the process which 
aids in reducing GHG’s into the atmosphere. This technology is more viable then the burning 
of fossil fuels such as coal which release carbon dioxide into the atmosphere (Hamer, 2003). 
Gasification 
Solid waste is heated at a temperature of above 1000ºC in a gasifier, in an atmosphere starved 
of oxygen in order to have an incomplete combustion of the waste. A gas called syngas is 
produced which can be used as a fuel (Pilusa & Muzenda, 2014). The gas is made up mostly 
of carbon monoxide, hydrogen and methane. The exact composition of the gas is influenced by 
the air, the temperature and water content which can be changed to yield the required gas 
composition. In South Africa there are no such plants but a few exist in the world (Pilusa & 
Muzenda, 2014). 
Combustible waste- refuse derived fuel (RDF) 
RDF is produced thermally via a mechanical pre-treatment method suitable for general waste, 
from this process pellets are produced and can be used as fuel in approved facilities (Pilusa & 
Muzenda, 2014). The RDF process produces higher quality fuel products with a higher calorific 
value than the initial waste and they are easy to use, transport and handle. Even though there 
are a number of RDF plants in the world, none has been erected in South Africa (Pilusa & 
Muzenda, 2014). 
Landfill Gas (LFG) 
A LFG plant consists of an extraction system and a utilization system. The extraction system 
usually consists of vertical perforated pipes, horizontal perforated pipes and in some cases a 
membrane covering under which the produced gas is collected (Willumsen, undated). Gas is 
sucked out of the landfill through a pump or a compressor leading the gas into the production 
system. The gas is commonly used as fuel in a gas engine running an electric generator. It can 
be used in a gas boiler to produce hot water for heating (Daskalopoulos et al., 1997). Under 
normal circumstances the gas is not purified but if the gas is to be used in a gas boiler or gas 
engine impurities are removed. In other cases the gas is upgraded to almost pure methane which 
is then used in the natural gas network (Willumsen, undated). An example that has embraced 
innovative technologies to convert waste into energy is the EThekwini municipality located in 
Kwa-Zulu Natal province (Gumbo, 2014). Gas collector wells are drilled into the mount in the 
landfill to suck the gas that is transported to all the pipes to the gas pump and flare station.   
Possible benefits of innovations in MSWM 
Waste to energy is indeed a necessity as it will enhance the quality of life, ensuring a decrease 
in illegal dumping sites and a decrease in the use of landfill sites which are the main cause of 
climate change (Muzenda et al., 2011). Waste to energy will also address the issue of land 
scarcity for landfill sites as less landfill sites will be needed. It will promote the transfer of 
pollutants from one medium to another. The GHG’s which result from fossil fuel combustion 
will be reduced and a low carbon economy by waste utilization will be achieved. Waste to 
energy will also lead to waste minimization and will promote the development of pollution 
prevention technologies (Brunner & Rechberger, 2014). It will ultimately promote the effective 
use of energy, materials and resources (Muzenda et al., 2011). Every solution does however 
have certain challenges which are discussed next. 
Challenges faced in adopting innovations 
A challenge faced globally is the lack of proper infrastructure to ensure waste minimisation 
and the safe location of energy facilities in proximity to the community (Muzenda, 2011). 
Challenges faced by most African countries are lack of technologies such as equipment to suck 
gas from landfills, engines that cool and convert gas into electricity these are lacking due to 
prohibitive costs. There is a serious shortage of experienced and well trained personnel who 
are able to use waste to energy technologies. Appropriate policies that support investments in 
the product of renewable energy are lacking in most African countries and serious 
inconsistencies in their application have been noted in countries where they do exist (Gumbo, 
2014). 
Landfilling 
One of the major problems facing South Africa in terms of waste management is the lack of 
space for landfills. Waste management is inadequate in most cities of developing countries. 
Dumping sites are essentially uncontrolled due to problems such as shortage of cover, lack of 
leachate collection and treatment, inadequate compaction, poor site closing and many picher 
working at the site (Vaverková and Adamcová, 2015).  
Thus, resulting in considerable health, safety and environmental problems and landfills are 
supposed to be built with optimised and adopted top and bottom liners system in the developed 
countries but in most developing countries, especially Asian landfills which are merely large 
shallow holes in the ground filled with waste (Visvanathan et al., 2003). The establishment of 
sustainable landfills is a key strategy in modern waste management as landfills are known for 
releasing harmful emissions (Daskalopoulos et al., 1997). Waste in landfills converts to organic 
and inorganic compounds in the form of gaseous or liquid states by undergoing various 
chemical and biological transformations, leading to the formation of LFG and landfill leachate 
(Vaverková and Adamcová, 2015). 
The temperature of landfills plays an important role in determining the long term potential of 
landfill emission. The actual landfill temperature can very within one landfill and is affected 
by the size, height of the landfill, climate conditions and landfilling operations which determine 
the circumstances in which microbial decompositions occurs (Vaverková and Adamcová, 
2015). Understanding the impact of temperature on landfill emissions is important for the 
improvement of long term landfill management strategies in order to minimise landfill 
emission, accelerate waste stabilization and shorten the landfill aftercare period (Vaverková 
and Adamcová, 2015; Daskalopoulos et al., 1997).  Many countries in both developing and 
developed countries still prefer landfill sites as a means of solid waste disposal. 
OPERATIONALISING THE STUDY - METHODOLOGY  
This section presents; analysis and discusses data that has been collected at Marie Louis and 
Robinson Deep landfill sites. The data has been collected through interviews with managerial 
pikitup officials and communications officers for both regions. Site observations and 
photographic surveys were conducted 
STUDY AREA 
The Apartheid history has had a major influence on the manner in which cities in South Africa 
have been planned. South African cities were built on spatial divisions. In past-apartheid 
Gauteng, spatial divisions still exist (Tomlinson, Beauregard et al., 2003). Land is becoming a 
scares commodity in Johannesburg thus in this section two case study areas are discussed. 
Region F and Region D respectively, their historical background and the methodology used to 
carry out the investigation is discussed. 
Region D and F Background  
As illustrated in Figure 1, region F is bound by Killarney Ridge in the North, Houghton and 
orange Grove (Region E) and Parktown (Region B), Ekurhuleni to the east, Klipriver to the 
South, to the west Soweto (Region D) and Johannesburg South (Region G). Region F also 
includes Fordsburg, Southgate and Mayfair (Regional Spatial Development Framework for 
Region F: 2010-2011). 
Region D is situated to the western edge of the city. It is surrounded by  Parktown (Region B) 
and Roodepoort (Region C ) to the north, Inner city (region F) to the east and Johannesburg 
South (region G) to the south as illustrated in Figure 1 (Regional Development Spatial 
Framework for Region D:2010).  
 
Figure 1: Joburg’s city regions. (Adopted from COJ, 2015 and modified) 
Region F is the site of the original mining camps of the city of gold which were established 
towards the end of the 19th century. The region has some of the most important facilities and 
attraction including the University of Witwatersrand and the world class theatres; it is the hub 
of the city’s transport network. The provinces only inland container terminal City Deep is 
situated in Region F (Regional Spatial Development Framework for Region F: 2010-2011). 
Region D which is made up of Soweto is originally an acronym for South Western Townships. 
Soweto was at the centre of campaigns to overthrow the Apartheid government. In 1976 the 
Soweto uprisings began in Soweto and spread to the rest of the country (Regional Spatial 
Development Framework for Region D: 2010). The area has spawned many political, sporting 
and social luminaries including Nelson Mandela and Desmond Tutu. Since its inception, 
Soweto has been faced with perennial problems including poor housing, overcrowding, high 
unemployment and poor infrastructure (Regional Spatial Development Framework for Region 
D: 2010). 
A qualitative approach was used for this study and it facilitates the gathering of qualitative 
data. The research was executed through structured interviews with personnel involved in 
municipal solid waste management. This study involves the evaluation of municipal solid waste 
management in the two regions F and D hence both primary and secondary data was used it 
provided interfaces of theory and practice. Observations and photographic surveys were done 
through site visits to the landfill sites and photographs using a camera were taken of the actual 
landfill site and the various processes used in solid waste disposal at both Marie Louis and 
Robinson Deep landfill site. Qualitative data collected was analysed through content analysis. 
The purposive sampling method was used to identify key informants who are involved with 
solid waste management within Region D and Region F.  
THE NATURE OF INNOVATIONS IN MUNICIPAL SOLID WASTE 
MANAGEMENT: CASE OF MARIE LOUISE AND ROBINSON DEEP LANDFILL 
SITES 
This section, analysis and discusses data that has been collected at Marie Louis and Robinson 
Deep landfill sites. The data has been collected through interviews with managerial pikitup 
officials and communications officers for both regions. Site observations and photographic 
surveys were conducted. The section starts off with a discussion of the findings of sources of 
MSW in both regions; then followed by the processes used to collect MSW in both regions; 
the technologies/ resources used to generate waste to energy at both landfill sites; the challenge 
of more land for establishment of new landfill sites; the solid waste to energy challenges; the 
possible benefits of landfill gas plant and this section ends with an overall conclusion.  
Environmental concerns, increasing energy demand and the abundance of municipal solid 
waste have called for waste to energy technology innovations. Currently, world cities generate 
about 1.3 billion tonnes of solid waste per year (Hoornweg & Bhada-Tata, 2013). Countries 
such as Asia, Latin America and Africa account for nearly 40% of the annual methane emission 
from landfills (Basura et al., 2002) which is the ultimate cause of global warming. In urban 
cities throughout Africa, 95% of the solid waste collected is neither contained nor recycled 
(Simelane & Mohee, 2012) but is thrown away at dumping sites on the periphery of urban 
centre or temporary site resulting in air pollution, pollution to nearby water sources and creating 
a breeding ground for diseases. In South Africa, at national level landfills are filling up every 
year. Gauteng accounts for approximately 42% of South Africa’s waste making it by far the 
country’s biggest waste generator (Muzenda et al., 2011). There are currently 17 landfill sites 
in Gauteng with only a few left with 7 years before reaching their carrying capacity (de 
Ligneris, 2013). It is clear then that there is a need for innovative strategies to generate 
sustainable, clean, reliable and renewable energy sources from alternative sources such as 
municipal solid waste (de Ligneris, 2013). 
Sources of municipal solid waste in both regions 
Solid waste disposal in both region D and F are regulated by the DWAF waste permit that was 
granted by DWAF and is audited by GDARD to confirm permit compliance. The permit 
specifies what type of waste is allowed to be disposed of on the landfill site. At Marie Louis 
landfill site, the different sources of municipal solid waste allowed are household waste, green 
waste and building rubble waste which gets crushed by the crusher machine and is used for 
roads and the tip phase of the slopes of the landfill site. The green waste gets chopped by the 
chipper machine and is taken and stock piled to make compost which is not sold to the public 
but is used for the vegetable garden on the landfill site.  
At Robinson Deep landfill site, the different sources of municipal solid waste allowed are 
general waste such as domestic waste, green waste and recyclable waste is disposed of at the 
landfill site. The amount of different sources of municipal solid waste that were disposed of at 
both landfill sites in 2013 and in 2014 are illustrated in Figure 2 with household waste always 
being the most waste disposed at both Marie Louis and Robinson Deep landfill site. 
 
Figure 2: Sources of waste at landfill sites per annum 
In 2013 a total of 64 116 321 381 132 kg and in 2014 a total of 65 906 308 431 663 kg of waste 
was disposed of at Marie Louis landfill site. The increase in amount of waste disposed at Marie 
Louis landfill site of 179 987 050 531 kg in 2014 is illustrated in Figure 3. From data collected 
there are approximately 31 illegal dumping sites that are known of in Region D, thus showing 
a serious need for innovations in solid waste management.  
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 Figure 3: Amount of waste disposed at Marie Louis and Robinson Deep landfill sites in 2013 
and in 2014 
At Robinson Deep landfill site in 2013 a total of 94 686 556 080 535 kg and in 2014 a total of 
62 315 465 530 237 kg of waste was disposed of at the site. The increase in amount of waste 
disposed at the landfill site in 2014 is illustrated in Figure 3. There are approximately 36 illegal 
dumping sites that are known of in Region F of which 35 are resolved and 1 unresolved, thus 
showing a serious need for innovations in solid waste management which will encourage 
communities to dispose of their waste in proper waste disposal bins. 
Techniques used to collect and transport municipal solid waste within the regions 
 Collection system  
 
Marie Louise landfill site is served mainly by Zondi, Avalon and Roodepoort depots. The 
depots collect household waste from the respective areas using the RCR (Round Collection 
Refuse) trucks and these trucks transport the waste to Marie Louise landfill site. Robinson Deep 
landfill site is served by 6 depots which are Southdale, Selby, Norwood, Waterval, Randburg 
and Melboro depots. 18 tonne compactor vehicles from the various depots are scheduled to 
collect compact waste from households and transport it to the landfill site. 
Transportation system  
At Marie Louis landfill site waste is transported through the security gates, then over the weigh 
bridge as illustrated in figure 4, where waste is weighed to see if it meets the requirements for 
disposal and then transported up to the tip were it is disposed of at the waste cell.  
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Figure 4: Marie Louis Weight Bridge under construction 
At the Robinson Deep landfill site, waste collected is supposed to be weighed on a weigh bridge 
but as illustrated in Figure 5, the Robinson Deep weigh bridge is still under construction and is 
expected to be fully functioning by the beginning of 2016. Once waste has gone over the weigh 
bridge, it is taken to the landfill site on the tip phase area.  
Figure 5: Weighbridge still being constructed at Robinson Deep landfill site. 
Once the waste has been transported over the weigh bridge, it is transported to the tip phase 
area of the landfill. 
Disposal system 
As seen in Figure 5 once the solid waste is disposed of at the tip of the phase, the informal 
waste reclaimers collect recyclable waste from the disposed waste and in Figure 6 they put the 
waste into white bags in different categories. The informal waste reclaimers sell the recyclable 
waste that has been collected and separated to the recycle market.   
   
Figure 5: Reclaimers  collecting waste from the tip 
There are currently, 160 men and 140 women involved in informal waste recovery at Marie 
Louis landfill site. 
Figure 6 Reclaimers putting waste into different categories for recycling purposes 
At Robinson Deep landfill site; as seen in Figure 7, once the municipal waste reaches the tip 
phase the informal waste reclaimers collect waste and separate it into different categories. After 
the waste has been collected and separated by the informal waste reclaimers, the disposed waste 
at the cell is compacted by a compactor truck as seen in Figure 7 and covered with 5cm height 
of soil and it is watered. 
Figure 7 Pikitup truck off-loading the waste at the tip of the phase, reclaimers collecting and 
separating waste and compactor truck compacting waste. 
As discussed above, at both landfill sites waste is spread daily on the active cell. 
The innumerable innovations used to treat municipal solid waste  
Globally, various innovations to treat MSW have been adopted which range from incineration 
of solid waste, gasification of solid waste and landfill gas. A number of technological 
innovations have been adopted and are discussed as follows; 
Compacting  
Once waste has been transported, disposed and reclaimed by the reclaimers; at both landfill site 
the disposed waste at the cell is compacted by a compactor truck. The compacting of waste 
helps to reduce the waste volume by forming cavities. After the waste has been compacted; it 
is covered with soil to reduce odours and keep pests out.  
 Watering tank 
After the waste has been collected; separated by the informal waste reclaimers; compacted by 
a compactor truck and covered with 5cm height of soil.  The compacted and covered waste is 
watered using a watering tank. The cell is watered to reduce dust being blown to the nearby 
residents and to reduce the amount odour from the cell.  
 Landfill gas sucking and flaring   
Both Marie Louis and Robinson Deep landfill site have an energy plant of which the gas 
manifold suck landfill gas such as methane and carbon dioxide from the landfill. When the gas 
reaches the condensation, trapped water is removed and only gas is left, the suctioned gas 
passes into the compressor and is flared. 
Currently, there is an energy plant on the Marie Louis landfill site which is being used to flare 
gas from the landfill and according to future plans; from the beginning of 2016 the flared 
landfill gas will be converted into energy via a co-generation plant.  The energy will then be 
put into the transformers and into Eskom and Joburg’s city power electricity grid to supply 
neighbouring areas with electricity at a cheaper rate. 
The Robinson Deep landfill site is a candidate for landfill gas recovery, as the landfill gas 
recovery project was started in 2004. It is expected that the flared gas will be converted into 
electricity and put into the electricity grid system in 2016. 
 POSSIBLE BENEFITS OF INNOVATIONS IN MUNICIPAL SOLID WASTE 
MANAGEMENT 
 Economic benefits 
Carbon credits collected from the LFG energy system can be sold on the green energy regulator. 
The other economic benefits of innovations in municipal solid waste management are discussed 
as follows: 
The informal reclaimers that collect waste and separate it benefit greatly economically from 
selling the recycled waste to the informal waste market. Compacting of solid waste will 
decrease waste and increase the lifespan of the landfill site; this will in turn help reduce the 
need by the Johannesburg city regions to look for and purchase land for landfilling. The water 
spraying of waste will help reduce the release of gases such methane and carbon dioxide into 
the atmosphere. Thus leading to less cost to health care for nearby communities. 
The flaring of landfill gas and later putting the flared gas into the grid system will help benefit 
the regions greatly in providing electricity to the neighbouring areas. The extraction of fossil 
fuels are difficult and more costly to extract compared to solid waste that does not have any 
extraction costs, which is essentially free (Brown, 2013). Unlike the conventional fuels such 
as coal and uranium, the transportation footprint of landfill waste is relatively low (Davis, 
2002). There will also be a reduction in the potential for explosions in structures at or near a 
landfill (Davis, 2002). The energy needs of the inhabitants will be met without imposing 
unsustainable demands on local or global natural resources such as coal (Satterthwaite, 1997).  
 Environmental benefits 
Innovations in municipal solid waste management are achieved through various methods 
discussed in this paper, these methods lead to the following environmental benefits; 
 Recycling 
The waste from the tip phase as seen in Figure 8 will have been recycled thus reducing the 
amount of waste that takes years to be broken down. 
 
Figure 8: Recycling of waste by the reclaimers  
Recycling of waste will be environmentally beneficial because in total it takes 2-5 months to 
breakdown biodegradable waste; 10-30 months to breakdown combustible waste such as 
plastic and rubber and it takes 80-100 years to breakdown non-combustible waste such as metal 
and building rubble (Hugo et al., 1997). Therefore, recycling helps to alleviate the soil from 
breaking down waste.  
 Compacting 
Compacting as seen in Figure 9 helps to reduce the amount of waste on the tip phase. 
Figure 9: Compactor vehicle  
The compacting technique also helps to form cavities which result in reduced waste. 
 Water spraying   
As illustrated in Figure 10 when compacted waste is sprayed with water, this helps to reduce 
the amount of dust from the landfill tip phase to neighbouring communities and it also helps to 
reduce odours and unwanted pests. 
 
Figure 10: Watering truck  
 Flaring  
Flaring of the landfill will increase the lifespan of the landfill site; since landfill gas will be 
suctioned out of the landfill this will cause the landfill cell to have cavities which can be closed 
using solid waste. When renewable source provides energy to the grid, the demand for 
electricity is reduced from traditional sources (fossil fuels) such as coal, which release large 
quantities of carbon dioxide into the atmosphere. Gas generation at a landfill unlike wind and 
solar power rarely comes to a stop (Brown, 2013). 
Social benefits 
Ultimately these innovations will lead to clean air, clean water and clean land; which are 
environmentally safe, socially inclusive and economically productive cities (World economic 
and social survey, 2013; Lia & Tiberiu, 2010) which are basically an enhanced quality of life. 
Poverty will be reduced through the selling of waste by reclaimers to the informal recycling 
market. Through the municipal solid waste management innovations more jobs will be created 
both skilled and unskilled personnel will be needed for the innovations to be built and run 
effectively. 
Challenge of more land for establishment of new landfill sites  
Marie Louise is the only landfill site in the whole of region D. Therefore, if it closes down there 
will be a serious problem since there is no space for another landfill site to be built in the region. 
The landfill site has been divided into 4 cells and there is only one cell left still in operation; 
the other 3 cells have reached their maximum carrying capacity.  
Pikitup has however, asked GDARD for a height extension of the landfill site, which will allow 
them to raise the landfill site by another 20m, the current height of the landfill is 26m .A waste 
hub initiative or a mirf were the waste will go into the waste hub and the reclaimers will go 
through the waste and do recycling and the waste that cannot be recycled will go up to the 
landfill site tip phase has been starting at the landfill site. Through the above methods, the 
lifespan of the landfill site will be increased by another 4-5 years.  
Robinson Deep landfill site is also the only public land fill site in Region D. If all the cells were 
to fill up there would be a serious problem of where to dispose the waste and this problem 
would hit pikitup financially as there is a private landfill site close to Robinson deep but it costs 
a lot of money to dispose waste as it is a privately owned site. The Robinson Deep landfill site 
has been divided into five cells and the maximum height has already been reached on certain 
parts of the cell; the Eastern and Northern side of the cell still have another 7 years to go before 
reaching the maximum height. 
 CONCLUSIONS AND RECOMENDATIONS 
It can be noted then that from the data collected at Marie Louis and Robinson Deep landfill 
sites, household waste is in quantity the waste that is mostly disposed of at these landfill sites. 
The weigh bridges at both Marie Louis and Robinson Deep landfill sites are still being 
constructed; thus, giving the impression that the total amount of waste disposed of on the tip 
phase is estimated. 
Since waste is only separated at the landfill site by the reclaimers this gives the impression that 
there is no at source separation of municipal solid waste taking place at both Region F and 
Region D. The various benefits identified being economic, environmental and social benefits 
are important pillars in promoting sustainable cities in the Johannesburg city regions. 
Thus, challenges faced by Marie Louis and Robinson Deep landfill site need to be addressed 
systematically as these challenges are intrinsically interconnected to one another. 
  
Solid waste management, global warming and the energy crisis have become the most pressing 
issues facing civilisation today. In response to these demands Marie Louis and Robinson Deep 
landfill sites have embraced innovative waste to energy technologies. As a result, this paper 
tenders the following recommendations: 
Since the weigh bridges at both Marie Louis and Robinson Deep landfill sites are still being 
constructed; thus, giving the impression that the total amount of waste disposed of on the tip 
phase is estimated. These weigh bridge construction need to been completed urgently so as not 
to be giving out false quantities of waste being disposed at the landfills as this can have a 
negative effect on efforts for innovations in municipal solid waste management. 
Since there is no at source separation of municipal solid waste taking place at both Region F 
and Region D. It is encouraged that through awareness that citizens be educated on different 
ways in which they can separate solid waste as source, as this will help reduce the amount of 
time it would take if it took place at the landfill site. 
Since one of the main challenges in innovation of MSW is lack of qualified personnel, it is 
recommended that through workshops and public engagement that people are made aware to 
what qualifications are needed to take part in the SWM innovations and training of personnel 
to improve skills set in the regions can be carried out. 
Other challenges include the high costs and political influence, government and his cabinet 
need to be made aware of the MSWM crisis the region is being faced with in order to help fund 
innovations. Private companies can also be approached my Pikitup requesting for funding. 
Waste needs to be regarded and treated as a valuable resource. This can be achieved through a 
change in attitude towards waste; raising awareness in communities and sensitising the 
population to its usefulness.  
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